Abstract. An epidemiologic survey among four administrative villages around Poyang Lake, in Jiangxi Province, China (two experimental and two controls) is being conducted to determine if bovine infections are responsible for the persistence of human schistosomiasis transmission on Yangtze River marshlands. A previously published paper presented the experimental design and baseline data for humans and bovines. This paper presents basic data for the four villages using remote sensing, and baseline data for snails that includes geographic information systems and remote sensing technology to classify the areas of bovine grazing ranges and habitats suitable for snails. A new method for sampling Oncomelania snails in China is used to determine the distribution, density, and infection rates of snails throughout the grazing ranges from season to season over a four-year period. Hypothetically, treating bovines should reduce infection rates in snails to below the critical number necessary to maintain infections in man and bovines.
INTRODUCTION
The National Institutes of Health (United States) have funded a Tropical Medical Research Center (Institute of Parasitic Diseases, Chinese Academy of Preventive Medicine, Shanghai) epidemiologic study to assess the importance of buffalo and cattle for maintaining optimal transmission sites in which human inhabitants become infected with Schistosoma japonicum. The hypothesis being tested is that buffalo and cattle grazing on the marshlands of Poyang Lake are responsible for 85% or more of the human infections in and around Poyang Lake. 1 This hypothesis is derived from observations that most schistosome eggs deposited on marshland areas originate from bovines. It is also based on the average number of eggs excreted by infected bovines, combined with their typical frequency within herds and the average herd size, and the propensity of these animals to contaminate the environment with voluminous excreta. Other mammals are not relevant to transmission on Poyang Lake marshlands. Pigs are confined to pens; there are no dogs. Rodents are not a factor (from surveys of the Provincial Institute of Parasitic Diseases).
To test this hypothesis, four administrative villages were chosen of which two were experimental (Jishan and Dahuang) and two were controls (Xinhua and Hexi) (an administrative village may have two or more natural villages). Details of the protocol and why these particular villages were chosen have been reported in a paper that focuses on the human and bovine aspects of the study. 2 It provides information on the primary design that involved treating with praziquantel, at the onset of the study, all the inhabitants in all four villages and all the buffalo and cattle in two villages (the experimental villages). Prior to treatment, the prevalence of infections in humans, buffalo and cattle, and snails was established. Following treatment, rates of reinfection in people of all villages, and in buffalo and cattle in the experimental villages were being assessed, as well as the ongoing prevalence of infection in buffalo and cattle in the control villages.
If the hypothesis is correct, the primary target for human parasite control involves the cycling of S. japonicum between buffalo and cattle throughout their grazing ranges and the snail intermediate host, Oncomelania hupensis hupensis, which is distributed throughout the grazing range. If the number of infections in buffalo and cattle fall to zero, snail infections should also decrease, perhaps far enough to interrupt the life cycle of the parasite. This paper supplements the previous report 2 by focusing on a description of the villages, and providing the snail sampling procedures used to assess the distribution and abundance of snails (infected and non-infected) throughout the buffalo and cattle grazing range, and the baseline snail data. The descriptions are aided by remote sensing (RS) images and geographic information system (GIS) databases to assess the areas of the grazing territory and classify areas suitable for snails. The snail sampling procedure used is new and replaces the Chinese traditional method. The identification of "hot spots" where optical transmission sites are obtained, the primary sites where humans and buffalo and cattle become infected, is discussed.
BACKGROUND
Poyang Lake, the largest lake in China (area ‫ס‬ 4,647 km 2 ) is one of the major endemic sites for schistosomiasis in China. Its environment is unique. High dikes surround the lake and permanent islands. All human habitation is behind the dikes, either outside the lake or on high ground in the lake. The largest river in Jiangxi Province, the Gang Jiang (jiang ‫ס‬ river) runs through the lake and empties into the Yangtze River through a narrow passage. During the annual monsoon and flooding of the Yangtze River, the lake fills up much like a bathtub, covering all the lowland marshlands and rising up against the constraining walls of the dikes. During flood season and high water, no persons venture out into the lake except fishermen. All buffalo and cattle are removed to behind the dikes.
The flooding season runs from May-June to OctoberNovember. At the end of the rainy season, the lake loses as much as 90% of its water. As the water subsides, vast flat islands of grass-covered marshlands emerge, habitat suitable for cattle grazing and Oncomelania snails. Water buffalo are driven into the lake to forage on grasses even before the grasslands emerge. All infections occur within the lake basin. There are no snails behind the dikes (outside the dikes) and only people venturing out into the lake basin become infected. These include fishermen, cowboys who tend the cattle, and villagers who harvest grasses used for fuel for cooking (there are few trees, villages have no or limited electricity, and fossil fuels are prohibitive in cost or availability), wash clothes, and use the lake for recreational activities (swimming). The vast grasslands of Poyang Lake are difficult to reach and traverse. Reaching different locations requires use of small boats and buffalo carts.
The four administrative villages in the study have populations of 1,500-2,000 persons each. There is one water buffalo or cow per every 10 persons; thus, 150-200 cattle per village throughout the marshlands. In this study, the number ranged from 1.9 to 12.3 bovines/person (Table 1) . To put this in perspective, there are 1,125 endemic villages around Poyang Lake with a population of 1,750,000 persons. The average infection rate is 5.9%. The average rate in hyperendemic villages is 15.2% for residents and 12.9% for cattle. There are 615 units of snail breeding sites covering 80,000 hectares (data supplied by the Jiangxi Institute of Parasitic Diseases).
METHODS
Time framework for the epidemiologic trial and environmental considerations. The baseline collections of data were carried out in late October and November of 1998 (post-flood collection), and early May of 1999 (pre-flood collection). Collections from the two seasons were necessary for baseline data to assess the effects of winter on the populations (spring collection) and the effects of flooding on the populations (fall collection). The chance occurrence of the great Yangtze River flood of 1998, the worst in 40-50 years, had a serious impact on the study. It began as an early spring flood that was to devastate southern China. In our epidemiologic control village of Xinhua, one section of grazing land (zone I), known to have an abundant snail population, was swept clear of snails; only four living snails were found there in the fall of 1998 or the spring of 1999. This grazing land has the lowest elevation of all the study sites. The floods came early and covered this land before the other areas; this area was the last to be uncovered after the waters receded. Temperatures were unseasonably cold in the spring. This, coupled with the high level of water, affected snail reproduction. The factors of temperature, timing, and duration of rainfall and flooding had a negative impact on snail survival and reproduction. Heightened water levels increased the current sweeping over this lowland grazing land at the edge of the Gang River.
RS images. Figures 1-4 are Landsat images of the four villages taken on April 6, 1999 when the lake was at its lowest ) A ‫ס‬ > 50,000 E ‫ס‬ 10,000 A ‫ס‬ 50,000 B ‫ס‬ 10,000 E ‫ס‬ > 60,000 E ‫ס‬ > 10,000 C ‫ס‬ 10,000 G ‫ס‬ 40,000 D ‫ס‬ 10,000
Site coordinates A  2 9°11Ј46Љ  29°17Ј20Љ  29°12Ј47Љ  29°13Ј08Љ  116°03Ј17Љ  115°59Ј47Љ  116°04Ј06Љ  116°17Ј15Љ  B  2 9°11Ј53Љ  29°17Ј24Љ  29°12Ј34Љ  29°12Ј55Љ  116°03Ј02Љ  116°00Ј07Љ  116°03Ј24Љ  116°17Ј18Љ  C  2 9°12Ј40Љ  29°18Ј05Љ  29°12Ј25Љ  AЈ29°12Ј28Љ  116°02Ј35Љ  116°00Ј39Љ  116°03Ј44Љ  116°17Ј51Љ  D  2 9°12Ј35Љ  29°17Ј51Љ  29°12Ј34Љ  BЈ29°12Ј38Љ  116°02Ј24Љ  116°00Ј25Љ  116°04Ј39Љ  116°17Ј39Љ  E  2 9°12Ј03Љ  29°17Ј35Љ  29°12Ј43Љ  116°02Ј28Љ  115°59Ј38Љ  116°02Ј06Љ  F  2 9°12Ј17Љ  29°13Ј20Љ  116°02Ј04Љ  116°01Ј34Љ  G  2 9°11Ј55Љ  29°12Ј33Љ  116°01Ј59Љ  116°04Ј19Љ  Figures 1 and 2  Figure 3  Figures 1 and 2  Figures 4 and 5 level. The RS images were geocoded and analyzed using PCI Geomatics Corporation (Richmond Hill, Ontario, Canada) software. The images were visually classified to show water, grassland suitable for snails, wet marshy-muddy areas, mud flats, and agricultural highland areas. The color spectra have been arranged to PCI channels 2, 3, and 5 for optimal visual classification. The spectral screening used for all these RS images gave the following results. Water ranges in color from bright yellow (open lake water or reservoir water) to greenish-yellow or green (shallow water or flock-laden shallow water) to yellow grading into red-maroon (shallow water over mud flats or very wet mud flats). The blue color indicates grasslands used for grazing and suitable for snails. The very dark purple areas within the lighter blue are small pond basins that are grass choked and very wet, thus not suitable for snails. These are the first areas to fill with water during the rainy season. The classified images were used to calculate the area of grazing land based on the number of pixels that we classified as grazing land. The landmass to be investigated (e.g., the entire grazing lands of a village) is called an LMU. In this procedure, the LMU is masked with a uniform color leaving only the grazing land open with its adjusted color spectra (dark or light blue). CPI software calculates the total pixels for the image including the number for the mask. The number of pixels for the grazing land suitable for snail habitat is multiplied by 900 (one pixel is 30 m × 30 m) to yield an area in m 2 . Villages selected for the epidemiologic study. The RS and GIS data were previously used to show all of Poyang Lake and the locations of the four villages in the epidemiology study. 1 The general conditions of the lake have been previously reported. 1 The locations of collection sites (lettered squares) are shown in relationship to the natural villages and buffalo and cattle grazing ranges (Figures 1-4) . The statistics for each village are given in Table 1 . The total area of grazing land is 17.32 km 2 . The largest LMUs are Jishan (70%) and Hexi (21%) (Figures 1 and 2 ). The villages of Hexi and Jishan are somewhat similar in ecologic complexity and thus are well paired as control and experimental villages. The same holds true for the smaller (in area) villages of Dahuang and Xinhua, which have the least ecologic complexity. Dahuang is different from the other three villages in that only cattle, not water buffaloes, are found there. Table 1 shows the coordinates for the 23 sites routinely collected in the epidemiologic study covering 330,000 m 2 . Hexi. The Hexi LMU, which is situated on an island, has six villages. The squares of Hexi have white letters. The grazing lands are the second largest of the four (3.69 km 2 ) and sup-FIGURE 1. Remote sensing image with geographic information system data computer-mapped. Natural villages are the bright red rectangles. To the left of the F is Chang Lake (dark purple). The greenish tell-tail signs of pools of water in Meixi Lake are seen. In the Hexi-Jishan land mass investigated, the sites labeled with white letters are in Hexi Village, while those with yellow letters are in Jishan Village. The white areas are sand. The arrowhead-shaped bluff (Hexi Rise) of Hexi village is outlined in sand, with its tip pointed towards Meixi Lake. The Meixi Lake basin is surrounded by sand. The Gang River (greenish ribbon) is to the left with the loop that swings by the Chang Lake range, (yellow, E and F) and then past the Hexi Houshan range (white, F-H). The small river connecting the loop of the Gang River to Poyang Lake to the right passes by sites E, B, C, and G (yellow letters). port 364 buffalo. The villages are located on a prominent high, sandy, arrowhead-shaped rise (a small plateau) shown in Figure 1 . East of this plateau there is a precipitous drop from the bluffs that run along the rise to the Shamo grazing lands (sites A and B in Figure 1 ) This semicircular region between the bluffs and the lake has an area of 1.63 km 2 . The grasslands, which are part of the village of Yuan Xia, are flat, covered with pools of water, and 15.2-15.6 m above sea level.
A cluster of small villages includes Hexi administrative village on the south-central part of the rise approximately 1 km from the village of Yuan Xia. Buffalo in this village exit by one of two paths (approximately 20 km) from the plateau onto the Houshan Grazing range (area ‫ס‬ 2.06 km 2 ) to the western part of the plateau (sites C-G in Figure 1 ). The grazing range slopes gently upward from the plateau towards the southwest to end at moderately high bluffs dropping down to a branch of the Gang River.
An inlet from the lake wraps around the northeastern end of the plateau and then narrows to a curving, narrow, creeklike waterway running along the western edge of the highlands of the plateau and separated from it by 50-60 m. The major path from Hexi village taken daily by the buffalo reaches a dirt road that runs from the ferry landing on the Gang River at the southwestern end of the island to the edge of the plateau and along its western edge to the northeastern tip of the plateau. The western side of the plateau is entirely sand (the white border along the rise seen in Figure 1 ). Buffalo crossing the road and onto the grasslands wade through the above-mentioned creek with its marshy grasslands (site E in Figure 1 ). An earthen dike (dashed yellow line in Figure 1 ) runs from the inlet of the lake to a small branch of the Gang River, creating a boundary between Hexi Village and Jishan Village.
Houshan and Shamo are very different ecologically. The former has a higher elevation (17 m) and diversity of environments ranging from drier grasslands towards the river to marshy wetland along the inlet of the lake. Shamo is a uniform, flat, low, marshland with approximately the same elevation as the lake. It is rapidly covered with the first appearance of the spring flood.
Jishan. Jishan (Figures 1 and 2 ), directly north of Hexi, has four natural villages and is shaped like the head of an elephant with the "forehead and trunk" comprised of high sandy bluffs (gleaming white in the RS images). The entire grazing range has an area of 12.1 km 2 , the largest of the four, and supports the greatest number of buffalo (665). There are three distinct zones in Jishan. Distances between squares (yellow letters) in these zones are greater than those in Hexi. A small and shallow "river" (dry during the fall and winter) runs between the Gang River and the lake, dividing the low- . Meixi Lake is a large and prominent area readily seen in RS images. To the west of it is a wide swath of sand running from the little river north to the high sand bluffs seen so prominently in RS images. Meixi Lake was full of water a few years ago, but is considerably reduced in volume today. East of the lake, the villages are situated on the high ground overlooking the Hexi grazing land. Below the villages are sites A, G, and D. At the east end of Meixi Lake is a village that was part of the initial epidemiologic study. However, following the 1998 flood, it was abandoned due to vulnerability to flooding. There is a school at that village. Between the school and the lake, close to the lake, is site A. Grasses of the Meixi Lake range, as it slopes gently down towards the connecting river (between Gang River and the lake) grow on abandoned rice fields, a testament to the fact that the lake level has risen over the past decade.
The area west of Meixi Lake, beyond the sand barrier, is the Chang Lake range (zone III). There is a footpath from the Jishan villages to the loop of the Gang River that swings east from the main river channel past the Chang grazing range. During low water, boats can maneuver and tie up next to the Chang range. The ecology of this section of grazing range is different from the others in that a vast area around Chang Lake has a low elevation with dense grasses emerging from standing water, a habitat unsuitable for snails, but good for grazing buffalo. However, along the path to the boat landing, is site E (elevation ‫ס‬ 17.3-17.4 m), a hot spot for infection. In Figure 2 , the Jishan LMU has been cut out from the overall RS image. The color spectra delineate the different environments. The immense area of sand is glistening white. The meandering small river connecting Poyang Lake to the Gang River is clearly seen (yellow), separating the XianLousi grazing range towards the bottom of the picture from the Meixi Lake-Dong He range. The extent of the grazing land that is suitable for Oncomelania is bright blue. Dark blue is shallow water over grass, a habitat unsuitable for snails.
Xinhua. This administrative village ( Figure 3 ) has a small grazing range (1.18 km 2 ) and few buffalo (168). The grazing land, the lowest of the four grazing lands (elevation ‫ס‬ 13.2-15.0 m), is a narrow strip between the high bluffs (Ն 15 m high) that parallel the Gang River and the river. It was severely impacted by the 1998 flood as discussed earlier. There are 19 natural villages clustered along the bluffs with approxi-FIGURE 3. Remote sensing image of the village of Xinhua with geographic information system data computer-mapped. The bright blue grazing range suitable for snails is set off from the yellow bands of river and streams-inlets from the river. The bluffs are outlined in white sand-bare soil of the bluffs. To the left of the bluffs are the highlands, a mixture of villages and agricultural lands (top left quarter of the image). Mud flats and shallow water over mud and grass are the greenish areas that grade upwards into the grazing land. The Xinhua grazing range runs to the right of the inlet (yellow strip that runs from the river towards the bluff past letters A and E) to the right edge of the letter C.
mately three or four pathways down to the grazing land for the buffalo. A stream flows along the grazing land parallel to the bluffs about a fifth of the way between the bluffs and the river. Sites A and B are between the stream and the river (elevation ‫ס‬ 13.2 m); sites C-E are between the bluffs and the stream. Site E, a hot spot that has the highest elevation on the Xinhua grazing lands (15.0 m), is located at the base of the bluffs at the western edge of the grazing range. The extent of the Xinhua grazing land is to the right of the inlet from the river (yellow line running from the river towards the bluffs past sites A and E) to an area just to the right of letter C. 5) consists of 12 natural villages positioned at various places along the bluffs overlooking a narrow bell-shaped valley through the middle of which flows a small stream. The Daquian grazing range (sites A and B) is on either sides of the stream that runs north to south down the center of the valley. At the southern end of the stream, where it enters the lake, the grazing lands and line of bluffs bends to the east. This eastern extension of the grazing land is the Dawanli grazing range (sites AЈ and BЈ). Together, these ranges, the smallest of the four (only 2%) of 0.35 km 2 , support 168 cattle. The valley is narrow and deep so that as one moves up towards the bluffs on either side the land becomes drier and the grass more sparse. Snail habitat is restricted to areas around the stream and pools of water where there is lush grass and marshy areas. As a result, the area suitable for snails is limited. Elevations range from 13.5 m at the lake edge to 15.9 m towards site A).
Dahuang. Dahuang Administrative Village (Figures 4 and
Dahuang differs from the other three administrative villages in that there are no buffalo here, only cattle. The small area suitable for grazing and agricultural practices here preclude buffalo. As a result, there is no individual (cowboy) to take the cattle out to graze. Rather, members of an individual family take cattle out on the land each day. The range for grazing is limited to areas close to the local village. As a result, Dawanli range villages will not take cattle over to the Daqian range. Accordingly, in this administrative village, the position of the village relative to the grazing land might play an important role in the prevalence of infection in any one natural village.
Following the 1998 flood, a new village was established (in 1999, after the epidemiologic study began) on the bluffs above the Dawanli Grazing Range. The occupation of the villagers of this new village is fishing. Their boats are moored directly out from the village and villagers walk through a marshy hot spot to get to their boats.
The Poyang Lake tropical medicine research center snail survey method. The following questions concerning the distribution of infected Oncomelania were addressed. 1) What is the area of the grazing range of buffalo and cattle for any one village? 2) What is the distribution of snails throughout the grazing range? 3) Given the heterogeneity of large grazing ranges, what is the mean density and variance in density of FIGURE 4 . Remote sensing image with geographic information system data computer-mapped. The Dahuang land mass that was investigated is so small it cannot be shown at a scale suitable to adequately portray grazing lands as shown in Figures 1-3 . The dark blue filling the arrowhead-shaped valley is grazing range. The grazing land continues as a narrow strip down along the eastern line of bluffs of the peninsula jutting out into Poyang Lake. The collecting sites are the yellow squares. From top to bottom they are A, B, BЈ, and AЈ. Natural villages are represented by the red squares.
Oncomelania in different sectors of the grazing range? 4) What are the infection rates in the snails? 5) How much of the grazing land has no snails? 6) After observing the daily rhythms of cattle and humans, can one formulate hypotheses about where "hot spots" for transmission might be located? (Hot spots are optimal transmissions sites where one would predict that transmission occurs because of three factors: an ideal habitat for snails, the regular convergence of buffalo and cattle at the site, and close proximity to humans with regular human contact with water.) 7) How do temporal patterns in temperature, rainfall, and flooding affect all of these factors?
Chinese traditional methods for surveying large areas for snail density and infection do not serve to answer a number of these questions. The handbook for schistosomiasis control details procedures used throughout China for the past two or more decades in sampling areas for estimating snail density and infection rates in snails. 3 A major problem is that Oncomelania snails have an highly clumped distribution that yields an immense negative binomial distribution (the standard deviation greatly exceeds the mean) when the sampling is done the traditional way using a kuang frame, which has a small area of only 0.11 m 2 . A negative binomial distribution for Poyang Lake has been documented. 4 Other studies have also reported this negative binomial distribution in China. [5] [6] [7] One is also referred to the statistical work of Bliss and Fischer. 8 Routine collections using the traditional methods yield a disproportionate number of kuang frames with no snails or only one snail.
We devised a sampling strategy to reduce the effect of the negative binomial so that statistical tools could be applied to the data, such as analysis of variance (ANOVA), and information could be obtained regarding the distribution of infected snails. An LMU is the entire grazing land in a village. The areas vary but are typically 1-2 × 10 6 m 2 . The fundamental areas to be sampled on an LMU are 10,000 m 2 squares (Figure 6 ). The location of squares on the LMU is first esti- mated using a topographic map with the locations chosen to sample representative areas of the LMU. The topographic map makes clear the shape and complexity of the LMU of concerned. The more complex the LMU in shape and variety of elevations and water inclusions such as ponds, inlets from the lake, etc., the more squares are needed to sample the variety of habitats. For example, Hexi and Jishan had the most complex topology of all the villages with regard to grazing land and the largest areas; we could sample this complexity with seven or eight squares (we added square H for routine sampling later).
Habitat diversity on Poyang Lake marshlands is readily categorized. Habitats are 1) flat low marshlands with intermittent pools of water (< 15.6 m elevation), 2) marshlands bordering rivers or inlets from the lake, 3) marshlands with some areas covered by a shallow depth of water (5-10 cm) with emergent grass, 4) elevated marshlands that are devoid of standing water, 5) marshlands that were recently farmed (e.g., for rice) but are no longer suitable for farming due to elevated lake levels (frequently close to a village), and 6) marshlands bordering a stream.
From our early experience in Hexi, we found that a square for each 0.5-0.8 km 2 of a given habitat type gave good results, i.e., adding more squares would not provide greater statistical significance (e.g., some squares in the Hexi Houshan grazing range have proven to be redundant). We placed at least two squares in each habitat type of the administrative village. In Dahuang, we used two squares in the two sections of the grazing range even though this involved a square for each 0.09 km 2 . In the field, the exact locations may be shifted somewhat to be positioned on land that might support snails. Only areas that could harbor snails are included as potential sites for squares. We selected 23 squares and these are listed in Table 1 .
The square is marked off in 10 m intervals to form a grid of 100 cells. A random number generator (calculator) is used to select 20 of the 100 m 2 cells to be sampled. Twenty cells were initially chosen as an optimal number for random sampling with regard to percentage of area covered and constraints of time and labor to do the work. Initial experience with 20 cells yielded results that indicated that one would not obtain significantly different results with three or four fewer cells, and that adding more cells would likewise not significantly change the results.
A 4 m 2 frame (area ‫ס‬ 36.36 kuangs) is placed in the center of the selected cell. We chose this size frame because our experience with collecting Oncomelania in the field indicated that this area scale was optimal in including clumps of Oncomelania, whereas the kuang frame has too small an area, resulting in many kuang frames with no snails or only one snail, similar to the traditional transect method of collecting used in China. The 4 m 2 frame is not too large to make collecting all snails in the frame a difficult and timeconsuming a task, and the results show that sufficient clumps of snails are collected to decrease the effect of the negative binomial so that meaningful statistics can be applied to the results.
All snails collected from a cell are placed in a numbered packet. A global positioning system (GPS) reading is recorded from the center of each frame, enabling a GIS analysis at a later time. At the end of each day, all snails in a packet are crushed and the number of living snails is recorded along with the number of snails infected. Snails are scored for both schistosome and non-schistosome trematode infections. Results are reported here only for the schistosome infections. The comparative result involving non-schistosome infections will be published after the study is completed.
Each 10,000 m 2 square is measured using a rope. Bamboo stakes are used to mark off 10 m lengths. The 4 m 2 frame is made of bamboo and cord. These materials enable easy portability in the field. All snails in a frame are readily and quickly collected using a team of 4-5 local helpers.
From the data collected at each LMU, we calculated 1) the percentage of land with no snails (e.g., if five of 20 frames have no snails, 25% of the square is considered to have no snails, and 25% of 10,000 m 2 is estimated to have no snails; the average is calculated for the entire 10,000 m 2 square); 2) the mean ± SD density of snails (snails/m 2 ) found on land areas with snails; and 3) the proportion of infected snails (infected snails/m 2 ) for land areas with snails. We also identified the areas of the LMU that are "hot spots" for infection. This particular study involves a temporal analysis of infection patterns over a four-year period. Thus, it allows an assessment of the effects of environmental changes, season by season, and year by year on snail distribution patterns and densities relative to infection. The established squares are collected twice a year. The collections must be made when the temperature is Ն 10°C because snails are inactive and burrow in the soil to estivate at lower temperatures.
After the first collection, the squares were slightly offset but with some overlap on the position to the first square to ensure that snails were not collected from precisely the same frame location each time, thus artificially causing a reduction in snail density.
The following on-site modifications are made at the time of initial sampling. 1) Although the LMU for each natural village studied for buffalo infections, human stool examinations, snail distributions, and infections is initially mapped out in the provincial headquarters, final fine adjustments require help of local villagers in the field.
2) The effective snail-buffalo area to be assessed is determined by the scope and range of activity of the buffalo in each natural village. The total land available may be 1 × 10 6 m 2 , but the buffalo of a natural village may graze on only half that area; efforts on snails will be restricted to the half used by the buffalo (grazing range).
3) The activity scope of the buffalo must be done with the local cowboy who herds the buffalo in each natural village. The effective LMU and its grazing range is then mapped and its area is determined. Coordinates are made with hand-held GPS instruments. 4) In addition to the pre-selected squares, we routinely used special collections. The locality of these special collections comes from a hypothesis that a given location may be an optimal transmission site. An example is given from our study of Hexi Village. Each morning, the water buffalo are taken out to pasture by the cowboy; each night they are collected and brought back to the village. They exit and enter the village by a well-worn track. The morning dispersal, with animals fanning out onto the grazing land, and the evening aggregation produces a funnel-like effect. At the area of maximum convergence the buffalo cross a stream and fringing marsh that is ideal for snails. Such a convergence zone close to the village with a potential for maximum human-snailbuffalo interaction is ideal for an optimal transmission site. We collected Ն 2,000 snails (if possible) from a small area of approximately 900 m 2 without concern for the exact area. The snails were then crushed to obtain the frequency of infection. If the sample has infections, we placed a square adjacent to the area of the special collection and obtained random samples to establish the density of snails/m 2 , etc.
RESULTS

Grazing land and snail distribution patterns.
Hexi and Jishan are analyzed together since they are contiguous, have the largest grazing ranges, and have the largest number of buffalo (Table 1 ). Xinhau and Dahuang are similar in having small grazing areas but differ in two significant ways: the former has the lowest elevation and is situated along the main channel of the Gang River. The latter has a very small grazing range that is not suitable for buffalo. Cattle are pastured there (Table 1 and Figures 3-5) .
The baseline data obtained from collections made after the 1998 flood (November 1998 and May 1999) showed that there was considerable variation between both sites and seasons in the percentage of land that does not have snails (Figures 6  and 7) . Optimal habitats for snails had the smallest areas without snails; e.g., Hexi sites A, B, and F and Jishan sites A, B, C, and E. Jishan site D had too dry an environment for snails and Jishan F site was too wet for snails.
Xinhua showed the effects of the 1998 flood that covered the marshlands for an unusually long time and where currents of the Gang River swept the grazing range adjacent to the river (sites A and B) clear of snails (lowest elevation in the entire study of 13.2 m). No data were recorded for sites A and B in May 1999 because the areas were again covered by an unusually early flood. Sites located slightly more inland towards the bluffs (sites C and D) were similarly affected. Site E, a hot spot, was not located until May 1999. Dahuang site A had abnormal areas without snails in May 1999 due to excessive amount of water in the area at that time.
Snail density was greatest in the same optimal sites for snails where most of the areas of the squares had snails (Figures 8 and 9 ) and where the impact of the 1998 flood was minimal, e.g., Hexi sites A and B and Jishan sites A, B, and C. The greatest densities (> 20/m 2 ) were found in the Shamao grazing range of Hexi (sites A and B) and in the similar habitat in Jishan (sites B and C, 12-26/m 2 ). The devastating effect of the 1998 flood in Xinhua is obvious ( Figure  9 ). Site C in Dahuang had the greatest density for that village (> 15/m 2 ). A significant seasonal difference in snail density is clearly seen in Hexi and Jishan (Figure 8 ). These villages, which were least affected by the 1998 flood and the early flooding in 1999 seen in Dahuang and Xinhua, presumably show a more normal affect of season on population structure. The seasonal affect is most pronounced in Hexi sites A and B, two of the most optimal areas for snails. Patterns in seasonal differences in Xinhau and Dahuang, should they occur or parallel the type of result seen here for Hexi and Jishan, will require at least 1-2 years without severe flooding to be observed. The ranking of areas by snail density, based on the combined data from the November and May collections, is shown in Table 2 . Only five sites had high densities, i.e., > 28 snails/ m 2 . This involved 3,361 ± 1,005 snails collected at these sites (only areas with snails). Density varied between November and May at 10 sites, and decreased over the winter. A site may have one level of density in November and a different one (usually lower) in May. In Xinhau, 80% of the sites had low or negligible snails in both seasons, followed by Hexi (38%) and Jishan (29%).
Frequency of schistosome infections and hot spots. The frequencies of infection averaged over all areas where snails were found are shown in Figure 10 . Frequencies ranged from 0.00 to 0.166 (an anomaly at site D in Xinhau because there was only one snail/m 2 in 12 frames, and by chance two snails were infected). The upper frequencies of infection were 0.084 (Dahuang site A), 0.036 (Dahuang site D), 0.0194 (Jishan site D), and 0.0472 (Jishan site E). When the data are limited to hot spots (Table 2 and Figure 11 ), the frequencies were much higher. Overall, the frequencies were higher in the May collections. In Figure 10 , the high value for Xinhua was due to the anomalous frequency mentioned earlier. In Figure 11 , there was only one hot spot in Xinhua (site E), and an SD for Hexi cannot be calculated because n ‫ס‬ 2. There was no correlation between hot spots with high frequencies of infection and density of snails (Table 2 ). There was a strong positive correlation between hot spots and the short distance from human activity and where buffalo converged twice a day near human dwellings or human activity (r > 0.80).
DISCUSSION
Several major finding emerge from this baseline data set involving the first year of a four-year study. 1) Remote sensing enables one to classify grazing land, calculate its area, and differentiate habitats suitable for Oncomelania within it. 2) A method for collecting snails by random sampling has been used to identify areas that do not have snails, calculate the density of snails in areas in which they are present, and track the impact of seasons and environmental change on snail distribution and density. 3) Grazing land and snail habitats have been partitioned to enable an assessment of the patterns of distribution and density of snails, as well as frequency of infections as they relate to land topology, ecologic conditions, and use of buffalo and cattle by humans. 4) The new sampling method reduces the effect of the negative binomial so that statistical tests such as ANOVA (structured for a negative binomial distribution) can be carried out. 5) There is a strong correlation between distance and optimal transmission sites. The shorter the distance between optimal snail habitat and human/buffalo and cattle interaction, the greater the probability of encountering a hot spot. 6) There is no ecologic stasis on the Poyang Lake marshlands. The significant intersite and inter-seasonal variation is much greater than had been anticipated. The variance in timing of the annual floods and intensity of flooding has a much greater impact on some sites than on others. The considerable yearly environmental variance requires a time-series study to assess long-term trends affecting disease transmission.
The baseline data demonstrate the considerable heterogeneity among different village grazing areas with regard to both snail distribution and infectivity frequencies. Snails have a highly clumped distribution even within grazing lands that would appear, from RS images, to be suitable for snails. Three environmental factors have an impact on snail populations With time, such areas will repopulate and the percentage of land with no snails may decrease to virtually zero. This is now occurring at Xinhau sites A and B. Likewise, a receding flood can deposit snails transported from other areas onto grazing land; this is being observed at Xinhau site A in the second year of the study. 3) Temperature affects reproduction. If the floods cover an area for a long period of time and the soil and water temperature remain less than 10°C in the early spring, reproduction is inhibited. In Poyang Lake, reproduction must occur primarily in April and early May, before the onset of flooding from late May to mid June. In the 1998 flood, the floodwaters rose early in the spring and the temperatures were unseasonably low. Again, Xinhua, with the lowest elevation of the four villages, was the most severely affected.
Elevation of marshland above mean low water is, over time, the most critical factor affecting the distribution and density of snails. Areas that are highly elevated so that there are no seasonal standing ponds or inlets from the lake may have sparse vegetation and few or no snails. Such areas are found in Hexi sites C, D, G, and H and Jishan site D. Snails cannot live if the elevation is so low that during the dry season a shallow layer of water covers the base of thick grass, e.g., in Jishan site F and in part of Hexi site F. Optimal areas for snails are those found in Hexi sites A and B and Jishan sites A, B, and C where there are expanses of flat land with numerous dry-season ponds and water courses and a carpet of thick grass cover. Ideal conditions for snails are found in areas at the boundary of streams or permanent ponds with abundant thick grass and moist, silt-rich soil. The thick grass and moist soil maintain an optimal shaded and humid microclimate.
It was observed that there may be significant differences in the same snail population between seasons. In optimal snail habitats in Hexi and Jishan, there was a decrease in snail density in the spring, after the winter period of subterranean estivation, which can be attributed to adult deaths over the winter. Since the procedures used do not collect baby to onethird-grown snails, the data are a good reflection of only the adult population. Although there was an increase in the snail collections at Duhuang sites C and D in May, additional years are needed to assess the actual trend, given the negative impact of flooding on this low-lying wedge of marshland and the effect on collections in both seasons.
It is now possible to define snail density. By excluding land that has no snails, one can obtain a realistic understanding not only of the patchiness of distribution but of numbers that can be compared statistically. Only five of the 54 squares collected (9%) had a high density (mean ‫ס‬ 43 snails/m 2 ). Four of these were in Hexi and Jishan on low-lying flat marshlands described earlier as optimal for snails. Forty percent of the squares had a medium density (mean ‫ס‬ 16 snails/m 2 ). Only two squares (4%) had a negligible density (< 2 snails/m 2 ). Densities frequently change between seasons. Only 20% of the squares maintained the same density between seasons, but 9% of these had negligible densities, indicating poor or disturbed snail habitats. In all cases where there was a seasonal change in density, it was to a lower density in the spring collection attributed to adult deaths over the winter. Although we established snail density categories (Table 2) for Poyang Lake, it remains to be seen how well these criteria will serve the rest of China.
The 1998 flood underscores the reality that there is no environmental stasis on Poyang Lake marshlands. The factors impacting mean low water and snail reproduction, density, mortality, and distribution are in constant flux. It will take a number of years of intensive study at the selected study sites FIGURE 10. Mean ± SD frequency (F) of schistosome infections in snails averaged over all areas that had snails (area as defined in Figures 8 and 9) . Frequency is the number of infected snails divided by the total living snails inspected. Sites that had no infected snails are given in the text. The x-axis shows the four villages in the study in which collections were made in two seasons.
FIGURE 11. Mean ± SD frequency (F) of schistosome infections in hot spots. No SD is given if n ‫ס‬ 2. The data are from the areas having snails in the squares identified in Table 2 . The x-axis shows the four villages in the study in which collections were made in two seasons.
to obtain a true understanding of the dynamics involved and the variances in the diverse factors considered.
If the factors affecting snail distribution and abundance are analyzed with an understanding of the daily activity patterns of buffalo and cattle, one may accurately predict where to find infected snails. There were no infected snails at Hexi sites C, D, F, and G or at Jishan site F. One must look to optimal snail habitats where there is a regular pattern of visits by buffalo and cattle. Although Hexi site A is high-density snail habitat, the frequency of infection was only 0.0004 in November and 0 in May: yet the nearby Hexi site B was a hot spot.
With knowledge of the daily activity scope of buffalo and cattle, we could predict where we would find optimal transmission sites. One looks for the association of 1) an area close to a village where 2) buffalo and cattle are funneled through, coming and going to the grazing ground where 3) there are ideal conditions for snails. Two hot spots were predicted for Hexi. Site B of the grazing lands of Hexi Shamo has ponds and marshy areas directly in front of the village on the bluffs above, with the sheds for keeping the buffalo each night directly below. Access to the Shamo grazing land leads directly across the marsh (Hexi site B). On the other side of the plateau, buffalo traveling along the main dirt road down to the Houshan range from the cluster of villages cross the marshy ground and creek-like inlet from the lake that is always full of water (Hexi site E). The area is ideal for Oncomelania. The buffalo dispersed to the grazing lands after crossing this potential hot spot. In Jishan, we predicted an optimal transmission site at Meixi Lake (site A) in the grasslands at the edge of the lake and near the school. Another special collection yielding a hot spot was made at site G, along a perennial stream bordered by a marsh with thick grass, in front of Dong He village. At Xinhua, only site E is an optimal transmission site. It is near the base of the bluff near an access route for buffalo coming and going from one group of villages. It has at an ideal environment for snails.
Dahuang has a minimal area for grazing. The optimal transmission sites are obvious. In the central valley that constitutes the Daqian grazing range, there are a few marshy areas bordering the central stream that are ideal for snails (sites A and B). On the Dawanli range that parallels the lake, there are two areas where streams descend from the bluffs paralleling the lake. These streams form perennial marshy pools close to the lake bounded by thick marsh grass. These are ideal for snails (sites AЈ and BЈ) and are frequently visited by cattle, cattle tenders, and fishermen crossing the ponds to get to their boats.
Not all hot spots are easily predictable. The Chang Lake site E was not expected since there was only flat, thick grassland far from the villages and without streams or pools of water at this location. This site would not have been discovered without use of the sampling method used. The microclimate was excellent for snails but snail densities were low. A closer study of this site showed it to be next to a well-used path from the villages to a boat landing and mooring area. Human defecation in this site coupled with heavy buffalo use contributed to this being a hot spot for infection.
Overall, eight of the nine hot spots (89%) were predictable given that buffalo and cattle play such an important role in transmission. Given the large sizes and ecologic heterogeneity of the grazing lands, there are actually few optimal transmission sites, and as seen in Table 1 , these hot spots constitute a fraction of the entire grazing ranges. This has important implications for control strategies.
Jishan and Hexi are ideal as a pair of study villages (one experimental and the other a control). They have similar ecosystems, are comparable in size, and are buffalo systems. Both have two or three optimal transmission sites and relatively stable snail populations. Their frequency of hot-spot infected snails is not very high (< 0.04). However, the frequency is higher in Jishan, the experimental village, than in Hexi (< 0.01). These frequencies are much higher than those found in areas with negligible infections, i.e., one infected snail in 1,000 snails collected (frequency ‫ס‬ 0.001). It remains to be seen if the treatment of buffalo and humans in Jishan will reduce the frequency of infected snails.
While Xinhau and Dahuang are similar in having small areas, they differ in terms of other factors affecting snail populations. Dahuang, an experimental village, is a cattle system; thus, the relationship of the bovines to snail populations is different from that found in the other three villages. All areas that are optimal for snails have infections and all four sites could be considered hot spots. However, early flooding in both 1998 and 1999 affected these populations, with the result that we could not collect all squares in 1999. The frequency of infection in the hot spots (0.05) was higher than that found in the Hexi-Jishan pair of villages. In contrast, flooding has heavily impacted Xinhau and most of the grazing land there may be marginal for snails for years to come. What makes this village a viable control site is finding a single hot spot in May that potentially is relatively stable for both snail populations dynamics and infection frequencies. This small area has the greatest frequency of snail infection found in this study thus far (> 0.055).
